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(S) Multipurpose functional fluid for agricultural machinery or construction machinery. 

(St) A biodegradable multipurpose functional fluid for agricultural or construction machinery comprising 
U a base oil a detergent-dispersant and an antioxidant (and a viscosity ^.^^^^i^ 
which the base oil is a fatty acid triester of trimethylol propane obtained from a fatty acid that either has 
from 40% to 70% by weight of caprylic acid and from 20% to 50% by weight of capnc acid or is > derived 
from a coconut oil which has been adjusted to have a stearic acid content of from 10 % to 20 % by 
weight 
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The present invention relates to a multipurpose functional fluid for agricultural machinery or construction 
machinery, such as a multipurpose functional fluid for tractors. More particularly, the invention relates to a 
multipurpose functional fluid for agricultural machinery or construction machinery, that fluid showing good bio- 
degradability and performance that is almost equal to that of conventional multipurpose functional fluids that 
5 use a mineral oil as base oil. 

BACKGROUND OF THE INVENTION 

Recently, multipurpose functional fluids have been used as lubricating hydraulic fluids for various con- 

10 struction machinery and agricultural machinery. The multipurpose functional fluids are used for lubrication of 
power transmission devices (e.g., speed change gear and differential gear), elevating operation parts of ma- 
chine tools and hydraulic systems (e.g., power steering system), and for lubrication of engine systems and wet 
type brake systems. Conventionally employed multipurpose functional fluids are prepared by compounding a 
mineral oil as a base oil with a detergent dispersant and an antioxidant and, if necessary, a viscosity index 

15 improver and other additives. 

In recent years, lubricating fluids that leak from various machinery or waste lubricating oils cause problems 
of environmental pollution. For example, pollution of lake or sea is caused by two-stroke-cycle engine oils for 
motorboats. Waste pollution is caused by two-stroke-cycle engine oils for machine tools, such as those for 
chain saws. To cope with the pollutions, studies were made of the use of a fatty acid triglyceride having good 

20 biodegradability, e.g., a vegetable oil, as the base oil in place of the mineral oil. Studies are now being made 
of the use of two-stroke-cycle engine oils containing fatty acid triglyceride as the base oil. 

Research has been made for the improvement of the biodegradability of hydraulic fluids. Studies in the 
field of hydraulic fluids include the use of fatty acid triglyceride having good biodegradability, such as a veg- 
etable oil. See: SAE Technical Paper No. 910960, April 9-10, 1991). 

25 The present inventors have studied the use of a vegetable oil as the base oil in place of the mineral oil in 

accordance with technical information obtained so far. However, they have concluded that a multipurpose func- 
tional fluid using a vegetable oil as the base oil has insufficient stability, particularly in the oxidation stability. 

The use, in lubricating products, of base oils other than mineral oils for their biodegradibility is well known. 
Synthetic ester base oils or naturally occurring ester mixtures such as vegetable oils provide lubricating ability 

30 and biodegradability to a lubricant formulation. A British patent, 1,189,541, published 29 April, 1970, teaches 
that esters of saturated aliphatic carboxylic acids using alcohols of at least five carbon atoms are usable as 
base oils for transmission lubricants. An European patent application, 0 103 884, published 28 March, 1984, 
teaches that esters of polyols and carboxylic acids are useful for transmission lubricants. There are other lit- 
erature sources that teach the use of many different types of synthetic ester base oils as suitable for hydraulic 

35 fluid and transmission fluid base oils. 

Among the large variety of ester base oils which have lubricity and biodegradability, however, there is a 
much smaller variety which can also be compatible with the additives used to provide the equipment perfor- 
mance lacking in the base oil itself. These additives provide oxidation resistance, rust prevention, brake chatter 
prevention, water tolerance, etc., which are not sufficient in the base oil alone. A class of such additives, useful 

40 for making multipurpose functional fluids, is not soluble in every ester base oil otherwise suitable based on 
its lubricity and biodegradability. In this invention, we have discovered those combinations of multipurpose 
functional fluid additive and ester base oil which also are compatible and allow a practical product to be for- 
mulated. 

45 SUMMARY OF THE INVENTION 

The present invention provides a multipurpose functional fluid for agricultural machinery or construction 
machinery that has excellent brake chatter performance in a wet-brake system. That multipurpose functional 
fluid has a specific fatty acid triester of trimethyiolpropane as base oil, a detergent-dispersant and an antiox- 
50 idant. Optionally, the multipurpose functional fluid can have a viscosity index improver. 

There are two types of fatty acid triester of trimethyiolpropane that work well in the present invention. On 
type of fatty acid triester of trimethyiolpropane is obtained from a fatty acid comprising from 40% to 70% by 
weight of caprylic acid, and from 20% to 50% by w ight of capric acid. Pr ferably, th cont nt of th caprylic 
acid is high r than the cont nt of the capric acid. 
55 Another type of fatty acid triester of trimethyiolpropan is obtained from a fatty acid derived from a coconut 

oil which has b en adjusted to have a stearic acid content of from 10 % to 20 % by weight. 

It is an object of the present invention to provid a multipurpose functional fluid for agricultural machin ry 
or construction machin ry, which shows not only good biodegradability but also shows performance, partic- 
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ularly oxidation stability, almost equal to that of conventional hydraulic fluids for construction machinery which 
use a mineral oil as the base oil. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention resides in a multipurpose functional fluid for agricultural machinery or construction 
machinery, comprising a base oil. a detergent-dispersant and an antioxidant, in which a fatty acid triester of 
trimethylolpropane is used as the base oil. That multipurpose functional fluid also can comprise a viscosity 
index improver. 

The fatty acid triester of trimethylolpropane can be prepared by esterif ying trimethylolpropane and a fatty 
acid or a mixture of fatty acids by a conventional process. The fatty acid triester of trimethylolpropane used 
in the invention is an ester obtained by using a fatty acid of 6 or more carbon atoms as the fatty acid, and most 
of the fatty acids are preferably those having 8 or more carbon atoms. It is preferred that the total amount of 
the fatty acid having 8 carbon atoms and the fatty acid having 1 0 or more carbon atoms is not less than 80% 
15 by weight based on the whole amount of all the fatty acids. 

Two specific types of fatty acids can be used. The first type of fatty acid contains mainly a saturated fatty 
acid of 6 to 14 carbon atoms and in which a caprylic acid (carbon atom content: 8) and a capric acid (carbon 
atom content: 1 0) both are contained in amounts of 40 to 70% by weight and 20 to 50% by weight, respectively. 
The second type of fatty acid is derived from a coconut oil which has been adjusted to have a stearic acid 
20 content of from 10% to 20% by weight. 

Among the large variety of ester base oils which have lubricity and biodegradabihty, there is a limit variety 
which can also be compatible with the additives used to provide the equipment performance lacking in the base 
oil itself These additives provide oxidation resistance, rust prevention, brake chatter prevention, water toler- 
ance etc which are not sufficient in the base oil alone. A class of such additives, useful for making multipur- 
pose functional fluids, is not soluble in every ester base oil otherwise suitable based on its lubricity and bio- 
degradabihty. In this invention, we have discovered those combinations of multipurpose functional fluid addi- 
tive and ester base oil which also are compatible and allow a practical product to be formulated. 

Though the base oil used for the multipurpose functional fluid of the invention is preferably made of only 
the fatty acid triester of trimethylolpropane, other known base oil materials, such as mineral oils, vegetable 
oils and polyalkylene glycol, can be added thereto as far as the amount of the added materials is less than 
50% by weight, particularly less than 20% by weight, based on the whole amount of the base oil. 

A detergent-dispersant such as metal sulfonate and an antioxidant such as zinc dlalkyldlthtophosphate are 
added to the base oil. If necessary, a viscosity index improver such as poly(methyl methacrylate) can also be 

Avariety of deterge nt-d is persants, antioxidants and viscosity index improvers are known as those for mul- 
tipurpose functional fluids. These known materials or their analogous compounds can be used for preparing 
the multipurpose functional fluid of the invention. Some typical examples of these materials are described be- 
low 

As the detergent dispersant, a metal phenate or a metal sulfonate is generally used. The metal phenate 
is an alkaline earth metal salt of sulfide of alkylphenol having an alkyl group of about 8 to 30 carbon atoms. In 
this case alkaline earth metals generally used are calcium, magnesium and barium. The metal sulfonate is an 
alkaline earth metal salt of sulfonate of a mineral oil having a molecular weight of about 400 to 600 or an alkaline 
earth metal salt of sulfonate of an alkyl-substituted aromatic compound. Also in this case, alkaline earth metals 
generally used are calcium, magnesium and barium. The metal phenate and the metal sulfonate can be used 
singly or in combination. Also employable are metallic detergents (metal-containing detergents) such as sali- 
cylates phosphonates, and naphthenates of alkaline earth metals. They can be used singly or in combination 
with the above-mentioned phenate or sulfonate. These metal-containing detergents can be of either a neutral 
type or an over-based type having a base number of 150 to 300 or more. If desired, deterge nt-dispersants of 
ashless type (which may contain boron) can be used singly or in combination. 

The detergent-dispersant is generally incorporated into the multipurpose functional fluid in an amount of 
0 05 to 10% by weight per total amount of the multipurpose functional fluid. 

As the antioxidant, zinc dialkyldithiophosphate (also referred to simply as "zinc dithiophosphate" or "Zn- 
DTP") is gen rally us d. Zn-DTP functions as not only an antioxidant but also an antiw ar ag nt. Preferably 
used as the Zn-DTP is zinc dihydrocarbyidithiophosphate g nerally having an alkyl group of t 1 8 carbon atoms 
or an alkylaryl group having an alkyl group of 3 to 18 carbon atoms. The antioxidant is g n rally incorporated 
into the multipurpose functional fluid in an amount of 0.1 to 3% by w ightp r total amount fth multipurpose 

functional fluid. 4U 

Examples of the viscosity ind ximprov rs generally used Include polyalkyl m thacryiat ,an thylen /pro- 
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pyl ne copolymer, a styrene/butadiene copolymer and polyisoprene. Also employable are viscosity index im- 
provers of dispersant type (having Increased dispersancy) or multifunction type. These viscosity index improv- 
rs can be used singly or in combination. The amount of the viscosity index improver to be incorporated into 
the multipurpose functional fluid varies with desired viscosity of the target hydraulic fluid, and generally is in 

5 the range of 1 to 20% by weight per total amount of the multipurpose functional fluid. 

The viscosity index improver used for the multipurpose functional fluid of the invention is preferably pre- 
pared using as a polymerization reaction solvent a fatty acid triester of trimethylolpropane, which is a base a 
oil material of the invention, or a mixture thereof with other base oil material, and polymerizing a monomer such 
as methacryiate (starting material) in the solvent. The viscosity index improver solution thus obtained (prefer- 

10 ably having a concentration of 5 to 20% by weight) can be easily incorporated into multipurpose functional flu- 
ids, and hence the incorporation work ability can be improved. 

The multipurpose functional fluid of the invention can contain various auxiliary additives in addition to the 
components described above, if desired. Examples of such auxiliary additives include known antioxidants, ex- 
treme pressure agents, corrosion inhibitors, rust inhibitors, friction modifiers, antifoaming agents and pour 

15 point depressants. Further, antiwear improving agents and multifunction type additives (e.g., organic molyb- 
denum compounds such as molybdenum dithiophosphate) can be used in combination with the above com- 
ponents. 

In the preparation of the multipurpose functional fluid of the invention, each additives can be added sep- 
arately to a base oil. However, the multipurpose functional fluid is preferably prepared by a process of dissolv- 
20 ing the viscosity index improver in a portion of the base oil to beforehand to prepare a viscosity index improver 
solution (that is, the viscosity index improver is subjected to polymerization reaction in the base oil as is de- 
scribed before to prepare the solution) and then mixing the solution with other portion of the base oil, the de- 
tergent-dispersant, the antioxidant and other additives. 

25 EXAMPLES 

The invention will be further illustrated by following examples, which set forth particularly advantageous 
method embodiments. While the Examples are provided to illustrate the present invention, they are not intend- 
ed to limit it. 

30 Two kinds of hydraulic fluids for tractor I, II, III and IV according to the invention and two kinds of hydraulic 

fluids A and B for comparison were prepared. 

EXAMPLE I 

35 (KINEMATIC VISCOSITY AT 100°C: 7.2 CST) 

The base oil was a triester of trimethylolpropane and fatty acid derived from coconut oil; content of stearic 
acid component in the fatty acid: increased to not less than 14 wt.%. The calcium sulfonate was a mixture of 
over-based type and neutral type. 



Base oil: 


93.7 wt.% 


Calcium sulfonate 


4.2 wt.% 


Zn-DTP: 


1.6 wt.% 


Friction modifier: 


0.5 wt.% 


Antifoaming agent: 


10 ppm 



EXAMPLE II 

50 

(KINEMATIC VISCOSITY AT 100°C: 13.5 CST) 

The base oil was a triester of trimethylolpropane and fatty acid derived from coconut oil; content of stearic 
acid compon nt in th fatty acid: Increased to not I ss than 14 wt.%. Th calcium sulfonate was a mixture of 
over-bas dtyp and neutral type. Viscosity index improv rwas a polymethacrylat solution pre par d by using 
55 the abov triest r typ bas oil as a reaction solvent; concentration f th solution is 10 wt.%. 
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Base oil: 


83.7 wt.% 


Calcium sulfonate: 


4.2 wt.% 


ZnDTP: 


1.6 wt.% 


Friction modifier: 


0.5 wt.% 


Antifoaming agent: 


10 ppm 


Viscosity index improver: 


10 wt.% 



10 

EXAMPLE III 

(KINEMATIC VISCOSITY AT 100°C: 4.4 CST) ..... 
15 The base oil was a triester of trimethylolpropane and saturated fatty acid; composition of the fatty acid: 

caprylic acid = 61 wt.%, capric acid = 35 wt.%, lauric acid = 4 wt%. The calcium sulfonate was a mixture of 



over-based type and neutral type. 





Base oil: 


93.7 wt.% 


20 


Calcium sulfonate: 


4.2 wt.% 




Zn-DTP: 


1.6 wt.% 




Friction modifier. 


0.5 wt.% 


25 


Antifoaming agent 


10 ppm 



EXAMPLE IV 



30 (KINEMATIC VISCOSITY AT 100*C: 9.0 CST) 

The base oil was a triester of trimethylolpropane and saturated fatty acid; composition of the fatty acid: 
caprylic acid = 61 wt.%, capric acid = 35 wt.%, lauric acid = 4 wt.%. The calcium sulfonate was a mixture of 
over-based type and neutral type. The viscosity index improver was a polymethacrylate solution prepared by 
using the above triester type base oil as a reaction solvent; concentration of the solution is 10wt%. 



35 


Base oil: 


83.7 wt.% 




Calcium sulfonate: 


4.2 wt.% 




Zn-DTP: 


1.6 wt.% 


40 


Friction modifier 


0.5 wt.% 




Antifoaming agent: 


10 ppm 




Viscosity index improver: 


10 wt.% 



45 



COMPARITIVE EXAMPLE A 



(KINEMATIC VISCOSITY AT 100°C: 10.3 CST) 

The base oil was a coconut oitfatty acid triglyceride. The calcium sulfonate was a mixture of over-ba 
type and neutral type. The viscosity index improver was a polymethacrylate solution prepared by using 
above coconut oil as a reaction solvent; concentration of the solution: 10 wt.%. 



55 
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Base oil: 


83.7 wt.% 


Calcium sulfonate: 


4.2 wt.% 


Zn-DTP: 


1.6 wt.% 


Wear reducing agent: 


0.5 wt.% 


Antifoaming agent: 


10 ppm 


Viscosity index improver: 


10 wt.% 



COMPARATIVE EXAMPLE B 

(KINEMATIC VISCOSITY AT 100°C: 9.0 CST) 
15 The base oil was a refined mineral oil. The calcium sulfonate was a mixture of over-based type and neutral 

type. The viscosity index improver was a polymethacrylate solution. 



20 



25 



Base oil: 


83.7 wt.% 


Calcium sulfonate: 


4.2 wt.% 


Zn-DTP: 


1.6 wt.% 


Friction modifier: 


0.5 wt.% 


Antifoaming agent: 


10 ppm 


Viscosity index improver: 


10 wt.% 



EVALUATION OF HYDRAULIC FLUIDS 

The hydraulic fluids I, II, III, IV, A and B obtained in the above were evaluated on the basic performance 
as a hydraulic fluid. The results are as follows. 



35 



Test items 


I 


II 


III 


IV 


A 


B 


Gear wear 


Pass 


Pass 


Pass 


Pass 


Pass 


Pass 


Pump wear 


Pass 


Pass 


Pass 


Pass 


Pass 


Pass 


Brake creak 


Pass 


Pass 


Pass 


Pass 


Pass 


Pass 


Oxidation stability 


Pass 


Pass 


Pass 


Pass 


Fail 


Pass 


Biodegradabiiity 


Pass 


Pass 


Pass 


Pass 


Pass 


Fail 


Compatibility with additives 


Pass 


Pass 


Pass 


Pass 


Fail 


Pass 



The above-mentioned tests were carried out by the following methods. 
Gear wear test 

50 The gear test was performed in accordance with the test method ASTM-D-4998 using a FZG gear rig t st 

machine. When the wear amount (based on the amount before the test) of the gear after the test was not more 
than 100 mg, the hydraulic fluid used was marked acceptable. When the wear amount thereof was more than 
100 mg, the hydraulic fluid used was mark d fail. 

55 Pump wear test 

The pump test was performed in accordance with the t st m thod ASTM-D-2882 using a vane pump t st 
machine, (V104C type of Vick rs Co.). Wh n the total of the w ar amounts (bas d on the amount b fore th 
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test) of the vane and the cam ring was not more than 100 mg, the hydraulic fluid used was marked acceptable. 
When the total of the wear amounts thereof was more than 100 mg, the hydraulic fluid was marked fail 

Brake creak test 

5 

In the brake creak test, a Yammer tractor FX-195D and a Kubota tractor A-1 9 were used, and occurrence 
of brake creak was examined by adding 0.3 vol.% of water to the hydraulic fluid. When any brake creak did 
not occur, the hydraulic fluid used was marked acceptable. When brake creak occurred, the hydraulicf luid used 
was marked fail. 

10 

Oxidation stability 

The oxidation stability was examined in accordance with the lubricating oil oxidation stability test method 
JIS-K-251 4 defined by Japanese Industrial Standard. The hydraulic flu id satisfying the following requisites was 
15 marked acceptable, while the hydraulic fluid not satisfying them was marked fail. 
Test conditions: 150°C, 96 hours. 
Requirements: 

Viscosity increase of more than 10% is not observed after the test. 
Production of strong acid is not observed. 
20 Sludge is not observed. 

Sedimentation of additives is not observed. 

Biodegradability test 

25 The biodegradability test was performed in accordance with the CEC-L-33-T-82 test method defined by 

CEC (Coordination European Council). The hydraulic fluid showing a biodegradability of not less than 80% 
was marked acceptable, while the hydraulic fluid other than this was marked fail. 

Compatibility with additives 

30 

After the hydraulic fluid was prepared, it was allowed to stand at room temperature to observe tendency 
of turbidity with time. When any turbidity or sedimentation was not observed after 3 months, the hydraulic fluid 
used was marked acceptable. When turbidity or sedimentation was observed, the hydraulic fluid used was 
marked fail. 

35 A class of such additives, useful for making multipurpose functional fluids, is not soluble in every ester 

base oil otherwise suitable based on its lubricity and biodegradability. This is shown below in Comparative 
Examples C through F, which all failed the compatibility with additives test described above. 

COMPARATIVE EXAMPLE C 

40 

(KINEMATIC VISCOSITY AT 100°C: 6.0 CST) 

The base oil was a diester of neopentylglycol and fatty acid; composition of the fatty acid: oleic acid = 100 
wt.%. The calcium sulfonate was a mixture of over-based type and neutral type. 



45 



Base oil: 


93.7 wt.% 


Calcium sulfonate: 


4.2 wt.% 


Zn-DTP: 


1.6 wt.% 


Friction modifier: 


0.5 wt.% 


Antifoaming agent 


10 ppm 



COMPARATIVE EXAMPLE D 

55 

(KINEMATIC VISCOSITY AT 100°C: 6.0 CST) 

The base oil was a triester of trimethylolpropane and fatty acid; composition of the fatty acid: oleic acid 
= 100 wt.%. The calcium sulfonat was a mixture of ov r-based type and n utral type. 

7 
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Bas oil: 

Calcium sulfonate: 
ZrvDTP: 

5 Friction modifier. 

Antifoaming agent: 

10 COMPARATIVE EXAMPLE E 



93.7 wt.% 
4.2 wt.% 
1.6 Wt.% 
0.5 Wt.% 

10 ppm 



(KINEMATIC VISCOSITY AT 100°C: 5.6 CST) 

The base oil was a tetraester of pentaerythritol and fatty acid; composition of the fatty acid: caprylic acid 
= 100 wt.%. The calcium sulfonate was a mixture of over-based type and neutral type. 



15 


Base oil: 


93.7 wt.% 




Calcium sulfonate: 


4.2 wt.% 




Zn-DTP: 


1.6 wt.% 


20 


Friction modifier: 


0.5 wt.% 




Antifoaming agent 


10 ppm 



25 COMPARATIVE EXAMPLE F 

(KINEMATIC VISCOSITY AT 100°C: 12.6 CST) 

The base oil was a tetraester of pentaerythritol and fatty acid; composition of the fatty acid: oleic acid = 
100 wt.%. The calcium sulfonate was a mixture of over-based type and neutral type. 



35 



Base oil: 


93.7 wt.% 


Calcium sulfonate: 


4.2 wt.% 


Zn-DTP: 


1.6 wt.% 


Friction modifier: 


0.5 wt.% 


Antifoaming agent: 


10 ppm 



Comparative Examples C through F, which all failed the compatibility with additives test described above. 

40 Since the multipurpose functional fluid for agricultural machinery or construction machinery according to 

the invention uses an ester type oil as a base oil, it is highly biodegradable and shows satisfactory performance 
in various characteristics including oxidation stability required for multipurpose functional fluids for agricultural 
machinery or construction machinery. Hence, the multipurpose functional fluid of the invention can be used 
as a highly practical multipurpose functional fluid with reduction of environmental pollution. 

45 While the present invention has been described with reference to specific embodiments, this application 

is intended to cover those various changes and substitutions that may be made by those skilled in the art with- 
out departing from the spirit and scope of the appended claims. 



50 Claims 

1. A multipurpose functional fluid for agricultural machinery or construction machinery, said functional fluid 
comprising a base oil, a d terg nt-dispersant and an antioxidant, wherein th base oil is a fatty acid trie- 
st r f trimethylolpropan obtain d from a fatty acid sel ctedfromth group consisting of: 
55 (a) a fatty acid comprising; 

(1) from 40% to 70% by w ight of caprylic acid, and 

(2) from 20% to 50% by weight f capric acid; and 
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(b) a fatty acid derived from a coconut oil which has been adjusted to have a stearic acid content of 
from 10 % to 20 % by weight. 

2. A multipurpose functional fluid according to Claim 1 further comprising a viscosity index improver. 

5 
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(57) A biodegradable multipurpose functional 
fluid for agricultural or construction machinery, 
comprising a base oil, a detergent-dispersant 
and an antioxidant (and a viscosity index im- 
prover if desired), in which the base oil is a fatty 
acid triester of trimethylol propane obtained 
from a fatty acid that either has from 40% to 
70% by weight of caprylic acid and from 20% to 
50% by weight of capric acid, or is derived from 
a coconut oil which has been adjusted to have a 
stearic acid content of from 10 % to 20 % by 
weight 
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